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PROTECTIVE ENCAPSULATION FOR ORGANIC 

ELECTROLUMINESCENT DEVICES 
Technical Field 

The present invention relates to a protective encapsulation for organic 
electroluminescent devices. 
Background of the Invention 

Currently commercially available electroluminescent devices (LED = 
Light Emitting Diode) are used in the fabrication and provision of displays 
and video screens. They are constituted by inorganic compounds, which emit 
visible light if placed between two electrodes to which a voltage is applied. 

Although inorganic LEDs have a good performance in terms of emission 
and duration, they are nonetheless complicated and difficult to fabricate, and 
accordingly the fabrication of displays based on their use is expensive. 

Organic electroluminescent devices, known by the acronym OLED 
(Organic light Emitting Diode), are constituted by at least one layer of 
organic material placed between two electrodes. Generally, these devices are 
constituted by multiple, different and mutually superimposed organic layers, 
so as to optimize the electric charge transport and recombination properties 
with respect to OLEDs constituted by a single layer. 

In OLEDs, both the organic layers and the electrodes are sensitive to the 
deterioration produced by the presence of oxygen and humidity. This 
deterioration causes the appearance of non-emissive regions. 

In these devices, the lack of effective isolation from the outside 
environment is a severe impediment to their application in commercial 
devices, such as for example displays. 
Disclosure of the Invention 

The aim of the present invention is to obviate the above cited drawback 
by providing a protective encapsulation that is new in concept and isolates 
and protects both the layers of organic material and the electrodes from the 
damaging action of environmental agents such as oxygen and water. 
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Within this aim, an object of the present invention is to solve the above 
described problem by means of an encapsulant whose characteristics make it 
suitable to cover effectively organic electroluminescent devices, i.e.: 

~ insolubility in common organic solvents, such as chlorinated solvents, 
benzene, toluene, xylene, cyclohexane, acetone, ethanol and methanol; 

- insolubility in water; 

- the possibility to be deposited with vacuum sublimation techniques, 
avoiding manipulations and passages that can introduce oxygen, water or 
other contaminants; 

- a glass transition temperature preferably above 100 °C. 

Within this aim, an object of the present invention is to provide a 
structure that is relatively easy to provide in practice, safe in use, effective in 
operation, and relatively low in cost. 

This aim and these and other objects which will become better apparent 
hereinafter are all achieved by the present encapsulant for organic 
electroluminescent devices of the type deposited on a supporting substrate 
and composed of at least two electrodes between which an 
electroluminescent substance is arranged, characterized in that said 
encapsulant is formed by at least one first inner layer, which is in direct 
contact with said electroluminescent device, which is constituted by an 
organic compound of the type of, or selected from quinacridones, acridones, 
and derivatives of perilene, said organic component being suitable to isolate 
said electroluminescent device from said atmospheric deteriorants. 

An additional layer is also used which is superimposed on the preceding 
ones and is constituted by a hydrophobic polymeric component such as 
polycarbonate. 

Brief description of the drawings 

Further features will become better apparent from the detailed description 
of a preferred but not exclusive embodiment of a protective encapsulation 
for organic electroluminescent devices according to the invention, illustrated 
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only by way of non-limitative example in the accompanying drawings, 
wherein: 

Figure 1 is a partially sectional perspective view of the encapsulant of the 
organic electroluminescent device; 

Figure 2 is a sectional view of the electroluminescent device and of the 
encapsulant of Figure 1 taken along a first sectional plane; 

Figure 3 is a sectional view of the electroluminescent device and of the 
encapsulant of Figure 1, taken along a second sectional plane; 

Figure 4 is the structural formula of the quinacridones used in the present 
encapsulant; 

Figure 5 is the structural formula of the acridones used in replacement of 
the quinacridones of Figure 4; 

Figures 6 and 7 are the structural formulas of the perilene derivatives 
used in replacement of the quinacridones of Figure 4. 
Wavs to carrying out the Invention 

With reference to the figures, the reference numeral 1 generally 
designates a protective encapsulation for organic electroluminescent devices 
according to the invention. 

As shown more clearly in Figure 1, the encapsulant 1 is constituted by an 
inner layer 2 composed of three superimposed layers 2A, 2B, 2C and of an 
additional outer layer 3, which seals the electroluminescent device 4. The 
encapsulant 1 covers the electroluminescent device 4, which is in turn 
constituted by two superimposed layers of active organic material 4A, 4B 
comprised between a first electrode 5 and a second electrode 6. 

The electrode 5 is composed of a series of bands of conducting material 
which are mutually parallel and adhere both to the supporting layer 7 and to 
the layer 4A of active organic material. The electrode 6 is instead composed 
of a series of mutually parallel bands arranged at right angles to the bands of 
the electrode 5. 

Each band of the electrode 6 is composed of a first layer 6A and of a 
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second layer 6B, which are superimposed and adhere respectively to the 
layer 4B of the device 4 and to the first layer 2 A of the encapsulant 1. 

The layers 2A, 2C of the encapsulant 1 are constituted by organic 
material, while the layer 2B is made of a mixture of organic material and 
gas-absorbent material in percentages varying from 0 to 100%, i.e., the 
absorbent material can be present to the extent of constituting all of said 
mixture. 

The absorbent material, used to capture any molecules of water and 
oxygen, is composed of metallic calcium. 

The deposition of the layers 2A, 2B, 2C of the encapsulant 1 occurs by 
vacuum evaporation of the organic material and of the absorbent material. 

The total thickness of the layers that constitute the inner layer 2 of the 
encapsulant 1 has a minimum limit of effectiveness approximately around 
300-500 nm. The encapsulant organic material used for the inner layer 2 is 
constituted by molecules such as quinacridones. 

The outer layer 3 of the encapsulant 1 is constituted by a hydrophobic 
polymer such as polycarbonate. 

The outer layer 3 is applied to the inner layer 2 by using various methods: 
spin-coating, spray-coating, lamination, coating by immersion and screen 
printing. 

For the sake of clarity, some examples of embodiment of OLED devices 
and of their encapsulation are given hereinafter. The durability tests of the 
encapsulated OLED devices were performed by periodically testing their 
operation in temperature and relative humidity conditions of 20-24 °C and 
55-60% respectively. 

EXAMPLE 1 

An electroluminescent device 4 was produced in the following manner: 
a) a glass plate coated with a layer of indium and tin oxide (ITO) with a 
thickness of approximately 100 nm, with the property of being 
transparent to light, was used as supporting layer 7. The plate was 
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cleaned chemically by immersing it in solutions of acetone and ethyl 
alcohol brought to a boil, and was then placed in an ultrasound 
washing unit for approximately 30 minutes. 

b) this was followed by the deposition of the two active organic layers 
4A and 4B on the electrode 5 of ITO, using an evaporator which 
operated with a vacuum of 10" 6 mm Hg. 

I) a first layer 4A of N,N , -diphenyl-N,N , -bis(3-methylphenyl)-l,l'- 
diphenyl-4,4'-diamine, also known by the acronym TPD, with a 
thickness of 60 nm; 

II) a second layer 4B of tris-8-(hydroxyquinoline)-aluminum(III), 
also known by the acronym Alq3, with a thickness of 60 nm; 

c) subsequent deposition of the second electrode 6: 

I) layer 6A of metallic calcium with a thickness of 25 nm 

II) a layer 6B of metallic silver with a thickness of 100 nm, acting as 
protection and electrical contact. 

At first, the electroluminescent device 4 thus fabricated exhibits uniform 
emission on the entire active surface; non-emissive regions are noted 5 hours 
after fabrication. 

EXAMPLE 2 

An electroluminescent device 4 produced as in Example 1 is then coated, 
by high-vacuum deposition, by a layer 2A of quinacridone with a thickness 
of200nm. 

The electroluminescent device thus fabricated exhibits at first uniform 
emission on its entire active surface; 48 hours after fabrication, non-emissive 
regions are noted. 

EXAMPLE 3 

An electroluminescent device 4, provided as in Example 1, is then coated 
by high-vacuum deposition with a layer 2A of quinacridone with a thickness 
of 600 nm. The resulting electroluminescent device at first exhibits uniform 
emission on its entire active surface; non-emissive regions are noted 30 days 
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after fabrication. 

EXAMPLE 4 

An electroluminescent device 4 as in Example 1 is then coated by high- 
vacuum deposition by a layer 2A of quinacridone with a thickness of 1200 
nm. 

The electroluminescent device thus fabricated exhibits at first uniform 
emission on its entire active surface; non-emissive regions are noted 110 
days after fabrication. 

EXAMPLES 

An OLED device fabricated as in Example 1 is then coated, by high- 
vacuum deposition, by a layer 2A of quinacridones with a thickness of 1200 
nm and by a layer 3 of polycarbonate. 

The electroluminescent device thus fabricated exhibits at first uniform 
emission on its entire active surface; non-emissive regions are noted 150 
days after fabrication. 

EXAMPLE 6 

An OLED device fabricated as in Example 1 is then coated, by high- 
vacuum deposition, with a layer 2A which is constituted by quinacridone 
with a thickness of approximately 200 nm, with a layer 2B constituted by 
metallic calcium (absorbent) with a thickness of approximately 1000 nm, 
with a layer 2C constituted by quinacridone with a thickness of 
approximately 300 nm, and finally with an outer layer 3 of polycarbonate 
with a thickness of 1500 nm. 

The electroluminescent device thus fabricated exhibits at first uniform 
emission on its entire active surface, and non-emissive regions are still not 
noted 180 days after fabrication. 

Figure 4 illustrates the structural formula of the quinacridones used. 
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In particular, in relation to said Figure 4, the groups Rl, R2, R8 are 
each independently an atom of hydrogen, a halogen, an alkyl group or an 
alkoxy group, and R is independently a hydrogen or an alkyl group. 
10 Figure 5 illustrates the structural formula of the compounds, acridones, 
used as an alternative to quinacridones, which are preferable. 
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In particular, in relation to said Figure 5, the groups Rl, R2, R8 are 
each independently an atom of hydrogen, a halogen, an alkyl group or an 
20 alkoxy group, and R is a hydrogen or an alkyl group. 

Figures 6 and 7 illustrate the structural formulas of the compounds, 
perilene derivatives, used as an alternative to quinacridones, which are 
preferable. 
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In particular, in relation to said Figures 6 and 7, the groups Rl and R2 are 
independently a hydrogen, an alkyl, a phenyl, a naphthyl, and R3, R4, 
10 RIO can be each independently a hydrogen or an alkyl. 

Finally, as a replacement of metallic calcium, which is preferable, it is 
possible to deposit alternatively an alkaline metal, an alkaline earth metal, an 
alkaline metal oxide, an alkaline earth metal oxide, an alkaline metal sulfide, 
an alkaline earth metal sulfide, an alkaline metal chloride, an alkaline earth 
is metal chloride. 

An advantage of the present invention is the use of organic material, 
optionally mixed with an absorbent, deposited by means of the same 
deposition methods as the active layers and the electrodes. In this manner, it 
is possible to provide the first encapsulation process in situ, i.e., in the same 
20 place where the device is fabricated, avoiding manipulations and passages 
that might introduce oxygen, water or other contaminants. 

This encapsulation further protects the active layers, allowing the 
deposition of a contiguous polymeric layer as an additional protection, also 
from a mechanical standpoint, of the device. 
25 It has thus been shown that the invention achieves the intended aim and 
objects. 

The shapes and the dimensions may be any according to requirements 
without thereby abandoning the scope of the protection of the appended 
claims. 

30 The disclosures in Italian Patent Application No. BO2001A000066 from 
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CLAIMS 

1. An encapsulant for organic electroluminescent devices of the type 
deposited on a supporting substrate (7) and comprising at least two 
electrodes (5,6) between which an electroluminescent substance is arranged, 

5 characterized in that said encapsulant (1) is formed by at least one first inner 
layer (2,2A,2B,2C), which is in direct contact with said electroluminescent 
device (4), constituted by an organic compound of the type of, or selected 
from quinacridones, acridones, and derivatives of perilene, said organic 
component being suitable to isolate said electroluminescent device from 

10 atmospheric agents. 

2. The encapsulant according to claim 1, characterized in that the first 
inner layer (2B) can comprise an inorganic component such as an alkaline 
metal, an alkaline earth metal, an alkaline metal oxide, an alkaline earth 
metal oxide, an alkaline metal sulfide, an alkaline earth metal sulfide, an 

is alkaline metal chloride, an alkaline earth metal chloride, said inorganic 
component being suitable to chemically bond with said atmospheric agents 
in order to protect said electroluminescent device (4). 

3. The encapsulant according to one or more of the preceding claims, 
characterized in that it comprises at least one second outer layer (3) which 

20 covers said first inner layer (2) and is composed of a hydrophobic polymer 
suitable to seal and protect said inner layer (2) from direct contact with said 
atmospheric agents. 

4. The encapsulant according to one or more of the preceding claims, 
characterized in that said organic component of said first inner layer (2) is 

25 quinacridone. 

5. The encapsulant according to one or more of the preceding claims, 
characterized in that said inorganic component of said inner layer (2) is 
calcium. 

6. The encapsulant according to one or more of the preceding claims, 
30 characterized in that said hydrophobic polymer that constitutes said second 
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outer layer (3) is polycarbonate. 
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